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The severe impacts associated with alien species and the 
difficulty of successfully managing marine invasions (Hopkins 
et al. 2011) highlight the urgent need to prevent future 
incursions. As prevention is more effective and less costly 
than control, this approach should be prioritised (Seekamp 
et al. 2016; Matthews et al. 2017). Models predicting the 
identity and likely entry point of future invaders have been 
described as ‘the holy grail of invasion biology’ (Enserink 
1999), as knowledge of future invaders and an understanding 
of the drivers behind their invasion potential, possible 
ranges and likely impacts will increase the effectiveness of 
management efforts (Faulkner et al. 2014; Zaiko et al. 2014). 
Horizon scanning is one pre-emptive approach for 
addressing impending threats, such as invasive species. 
Defined as an organised investigation that gathers 
information on potential threats within a given context to 
inform management and support decision-making (Roy et al. 
2014), this approach has been applied in various arenas by 
government, industry and business (Sutherland and Woodroof 
2009). Within the context of invasive species, horizon 
scanning investigates the potential introduction, establishment, 
spread and impacts of alien species (Gallardo et al. 2016), 
with an aim to support their early detection, and ultimately 
minimise their chances of successful establishment. This 
method has been implemented within the milieu of invasive 
species, with the most-recent work compiling watch lists 
of non-native species considered to pose the greatest risks 
to biodiversity (Roy et al. 2014; Gallardo et al. 2016). While 
many predictive models are time-consuming and expensive 
to develop (Simberloff 2005; Keller et al. 2007), watch lists 
are a cost-effective and rapid method for identifying potential 
threats and are helpful in the development of preventative 
strategies and control efforts (Parrott et al. 2009). Watch 
lists primarily identify species with an invasion history that 
are currently absent from the region of interest but have the 
potential to invade there (Faulkner et al. 2014). Invasion 
history has been identified as a good predictor of future 
invasion potential for some alien taxa (Moyle and Marchetti 
2006; Novoa et al. 2015). Although it is recognised that 
any species, even those without an invasion history, hold 
the potential to invade (Peters and Robinson 2018), it is 
not always practicable to consider an entire taxon or 
group when pre-emptively considering invasions, as this 
approach is time-consuming and information may not 
be available for all species within the group of interest. 
Thus, in the absence of other information, invasion history 
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currently offers the most viable approach to identifying 
potential invaders (Faulkner et al. 2014). This approach is 
further strengthened when used in combination with other 
important predictors, such as the presence and strength 
of vectors (Minchin 2006; Seebens et al. 2013) and 
environmental and climatic suitability (Faulkner et al. 2014; 
Matthews et al. 2017). 
The ecological niche of a species can be viewed as its 
functional role within its community, often illustrated by 
its interaction with other species, or its position within the 
trophic food web (Pulliam 2000; Schoener 2009). Empty 
niches of such functional groups, specifically those at top 
predator level, are not unusual (Chown et al. 1998; Whinam 
et al. 2005). Based on the empty-niche hypothesis (Shea 
and Chesson 2002), if such a functional group is absent 
or poorly represented in an ecosystem and a species with 
suitable characteristics is introduced, it is likely that the alien 
species will successfully fill that empty niche (Walker and 
Valentine 1984; Bergstrom and Chown 1999). Predators 
exert weak regulatory forces along the South African 
coastline (Bustamante and Branch 1996), rendering the 
region depauperate of dominant intertidal benthic predators 
that characterise such systems elsewhere (for example 
see Connell 1970 and Menge 1976). Although the reason 
why predation is less important in this system is not yet 
understood, there are concerns that this region could be 
vulnerable to invasions by dominant predators. As predatory 
brachyuran crabs are one of the most invasive marine 
taxa (Hänfling et al. 2011), having invaded all except one 
continent (Antarctica) (Swart et al. 2018), potential invasions 
of the South African coast by this group are of great concern. 
To date, there have been three such alien crabs reported 
from this region: the European shore crab Carcinus maenas 
(Le Roux et al. 1990), the Mediterranean shore crab 
Carcinus aestuarii (Geller et al. 1997), which is no longer 
present (Robinson et al. 2005), and the recently detected 
Chilean stone crab Homalaspis plana (Peters and Robinson 
2018). Carcinus maenas in South Africa is currently largely 
confined to two harbours along the Cape Peninsula (Mabin 
et al. 2017) and appears to be excluded from the open 
coast due to predation by native predatory fish (Mabin 2018) 
and its inability to withstand high levels of wave exposure 
(Hampton and Griffiths 2007). The most recent alien crab 
to be recorded, H. plana, is not considered established, with 
only a single male having been recorded in Saldanha Bay, 
in 2017. Given the serious threat that alien crabs can pose 
to biodiversity (Grosholz et al. 2000; Rudnick et al. 2005; 
Kraemer et al. 2007) and the economic implications that 
they can have in recipient regions (Normant et al. 2002), it is 
important to consider the likelihood of future crab invasions 
and provide South African managing authorities with the 
opportunity to institute pre-emptive management actions. 
The Blackburn framework for biological invasions 
(Blackburn et al. 2011) offers an ideal approach for guiding 
horizon scanning and developing watch lists. The framework 
recognises that the invasion process is divided into four 
stages—transport, introduction, establishment and natural 
range-expansion—all of which are separated by biotic 
and abiotic barriers that must be overcome for a species to 
advance to the next stage. Thus, effective horizon scanning 
could apply this framework, using each barrier as a filter to 
remove species from a starting list of alien species, ultimately 
producing a watch list of species of interest. However, 
when undertaking this process, it should be borne in mind 
that the global climate is changing at an unprecedented 
pace (IPCC 2014) and watch lists founded on the ability of 
potential alien species to survive under present climatic 
conditions alone will be of little use as the climate continues to 
change. For example, South Africa has already experienced 
significant changes in sea surface temperature over the 
past two decades (Rouault et al. 2010), and such changes 
are anticipated to continue (Jarre et al. 2015). To maximise 
the value of watch lists, they should therefore consider both 
present and future predicted climatic conditions. 
Against this background, this study applied horizon 
scanning to create an ordered watch list of alien crab 
species that have a potential to arrive and establish along 
the South African coast, under both present-day and future 
temperature scenarios. This output will support the early 
detection of alien crabs and thereby help to minimise the 
probabilities of their successful establishment and the 
impacts that such incursions may cause. 
Materials and methods
From the list of 56 alien predatory crab species recorded 
globally (Swart et al. 2018), we excluded those with a native 
range including South Africa (20 species), those already 
present in the region (2 species: Carcinus maenas and 
Homalaspis plana), and those occurring at depths greater 
than 60 m (1 species: snow crab Chionoecetes opilio). This 
resulted in a list of 34 potential invaders for further analysis.
Using the Blackburn framework, this list was filtered 
in two steps. First, those species without a pathway of 
introduction to South Africa were excluded from the list. 


























Figure 1: The four marine ecoregions of South Africa (Sink 
et al. 2012), ranging from the cool Benguela Ecoregion on the west 
coast, to the warm Delagoa Ecoregion on the east coast. Note: The 
dotted lines are extended offshore for illustrative purposes only
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used in the global review of invasions by predatory crabs, 
by Swart et al. (2018). As it can be unclear which vector 
within the shipping pathway (i.e. ballast water or ship 
fouling) is responsible for a particular introduction, the 
pathway of introduction rather than the vector was recorded 
for each species. Because of the difficulties associated 
with positively identifying the pathway of introduction for 
most marine species, a conservative approach was applied 
in this study. If a species had been reported as having 
been introduced to any region via shipping, yacht fouling, 
aquaculture imports or the aquarium trade it was accepted 
that a pathway was operational in the South African 
context. This approach to identifying vectors excluded crabs 
reported as having been introduced via the Suez Canal and 
live seafood imports, neither of which apply in the South 
African context. In a second step, the list was refined by 
excluding those species for which temperature-matching 
indicated that they would be unable to survive under 
present-day or future climatic conditions. Temperature- 
matching was interrogated by comparing the temperature 
in the realised range of each species (i.e. native and alien 
ranges to account for potential plasticity in alien populations 
that may not be evident in native populations) with that 
in each of the four South African coastal ecoregions 
(i.e. the Benguela, Agulhas, Natal and Delagoa ecoregions, 
following Sink et al. [2012]; Figure 1). The invasion potential 
of each species was considered for each ecoregion, to 
account for the variability among these regions and the 
fact that they may support different suites of species with 
different environmental tolerances. The minimum and 
maximum sea surface temperatures (SSTs) of the realised 
range of each species, as well as that for the four South 
African ecoregions, were extracted from NASA Earth 
Observations (NEO) data.1 To capture seasonal variability 
in these measures, data were extracted for January 
and July for a 7-year period (2010–2016). Using these 
data, the mean and 95% confidence intervals (CI) for the 
minimum and maximum SSTs were calculated for each 
alien crab’s range and each ecoregion. Minimum and 
maximum SSTs were chosen, rather than mean SSTs, 
because it is more likely that species will be constrained 
by the extreme conditions in new regions, rather than 
their average environmental states. To account for future 
1NASA Earth Observations (NEO) data, available at https://neo.sci.gsfc.
nasa.gov/view.php?datasetId=MYD28M [accessed 5 February 2017].
changes in temperature, the predicted climate-induced 
change in SSTs was extracted from one of the intermediate 
scenarios described by the Intergovernmental Panel on 
Climate Change (IPCC 2014) (i.e. RCP4.5, a moderate 
emissions scenario), which predicts a mean temperature 
increase of 1.4 °C over the next 29 to 48 years. The degree 
of congruency between the thermal ranges of the crab 
species and the thermal characteristics of the four South 
African ecoregions was determined using the criteria 
described in Table 1. This resulted in the ecoregions being 
classified as: (i) too cold, (ii) probably too cold, (iii) possibly 
too cold, (iv) suitable, (v) possibly too warm, (vi) probably 
too warm, or (vii) too warm to support each crab species. 
When the bioregion was too cold or too warm to support 
a species, that species was excluded from the watch list. 
Using a cautionary approach, when ecoregions were 
determined to be probably or possibly too cold or too warm, 
the species were retained. The validity of this approach was 
tested by considering how well native-range temperatures 
would have predicted the present alien ranges of these 
crabs. It was found that this method correctly predicted the 
suitability of the alien ranges for 23 of 34 species (χ2 = 4.23, 
p = 0.04). As both the native and the known alien ranges 
were used to predict the suitability of the South African 
coast, it is expected that this accuracy was elevated in the 
current study. Note that only false-negative predictions 
were accounted for because it was not feasible to test for 
false positives, which would have required the extraction 
of climatic data for all coastal regions of the world. While 
it would have been desirable to include other climatic 
variables, such as salinity, the relevant data were not 
available to support such an analysis. 
Finally, the crab species placed on the watch list were 
ranked from highest to lowest based on the Environmental 
Impact Classification of Alien Taxa (EICAT). EICAT is 
the formal system used by the IUCN to quantify the risk 
that alien species pose to native biodiversity (Blackburn 
et al. 2014). This scheme assigns species to one of five 
impact categories, ranging from Minimal Concern to 
Massive, reflecting an increase in severity of impact (see 
Supplementary Appendix and Tables S1 and S2).
Results
In total, 28 crab species were found to have pathways to 
South Africa. Four potential pathways were identified: 
Description of congruency Classification of ecoregion
Species minimum (min.) and maximum (max.) above the ecoregion min. and max. Too cold
Species min. 95% confidence interval (CI) overlaps with the ecoregion max. CI. Probably too cold
Species max. above the ecoregion max., and species min. mean falls between the ecoregion min. 
and max. (no overlap of species CI with ecoregion min.)
Possibly too cold
Species min. and max. fall below and above the ecoregion min. and max., respectively. Suitable
Species min. below the ecoregion min., and species max. mean falls between the ecoregion min. 
and max. (no overlap of species CI with the ecoregion max.)
Possibly too warm
Species max. CI overlaps with ecoregion min. CI. Probably too warm
Species min. and max. below the ecoregion min. and max. Too warm
Table 1: Criteria used to determine degree of congruency between the thermal ranges of the potentially invasive species of predatory crabs 
and the South African ecoregions; the colour coding used here corresponds to that used in Figure 3 and Table 2
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shipping, yacht-fouling, aquaculture imports and the 
aquarium trade (Figure 2). Although most species might 
be transported via only one pathway, five species had 
multiple potential pathways. Notably, when species were 
transported by multiple pathways, these always included 
shipping. Sally Lightfoot crab Percnon gibbesi was the only 
species to have been transported via three of the pathways 
(i.e. shipping, yachting and the aquarium industry). 
The great majority of crab species that can reach 
South Africa are likely to survive along at least one of the 
ecoregions on this coastline under both present and 
future climate conditions (Figure 3; Appendices 1 and 2). 
Especially, typically warm-water species are precluded 
from the cooler ecoregions, whereas cold-water species 
are excluded from the relatively warm east coast. In total, 
27 species have the potential to survive in the cold Benguela 
Ecoregion under both present-day and future conditions. In 
particular, this ecoregion is too cold to support the purple 
climber crab Metopograpsus oceanicus and is probably too 
cold for both the pilumnid crab Eurycarcinus integrifrons 
and Hepu mitten crab Eriocheir hepuensis. Similarly, in the 
slightly warmer Agulhas Ecoregion, 27 species have the 
potential to survive under present conditions, and future 
temperature rises may make this ecoregion accessible 
to M. oceanicus. The Natal and Delagoa ecoregions 
have much higher mean minimum and mean maximum 
temperatures and a noticeably smaller temperature range 
than the former two ecoregions. As such, conditions 
are suitable for the survival of the warm-water species 
M. oceanicus, E. integrifrons and E. hepuensis. In the Natal 
Ecoregion, temperature regimes are currently too warm to 
support pill-box crab Halicarcinus quoyi (previously known 
as H. innominatus), and thus 27 species are expected to 
survive in this ecoregion. With future temperature increases, 
however, only 26 species will be able to survive, as this 
ecoregion becomes too warm to support Dungeness crab 
Metacarcinus magister. As the Delagoa Ecoregion is the 
warmest of the ecoregions, it is too warm to support both 
M. magister and H. innominatus under both present-day and 
future conditions, and only 26 species have the potential to 
survive in this ecoregion.
The complete watch list of 28 potential crab invaders is 
provided in Table 2. Two families stand out due to the high 
number of alien crab species they support: the Portunidae 
(eight species) and the Varunidae (six species). Even though 
some pathways are specific to some ecoregions (e.g. oyster 
culture occurs only in the Benguela and Agulhas ecoregions), 
intra-regional transfer between ecoregions can occur. Thus, 
all species with a vector to South Africa are considered to 
have the potential to ultimately reach all ecoregions. However, 
due to incompatible temperature ranges, three species 
(M. oceanicus, M. magister and H. innominatus) would 
not survive in some ecoregions (Figure 3). In contrast, 
owing to their negative ecological impacts elsewhere 
(see Supplementary References) and their resulting high 
EICAT ratings (Tables S1 and S2), the Japanese shore 
crab Hemigrapsus sanguineus, brush-clawed shore crab 
H. takanoi, and Chinese mitten crab Eriocheir sinensis were 
placed at the top of the watch list. 
Discussion
In the face of increasing rates of biological invasions, 
ecosystems that have empty niches are particularly at 
risk of the negative impacts associated with alien species 
(Shea and Chesson 2002; Forsström et al. 2015). The 
South African coastline is one such system in relation to 
intertidal benthic predators (Bustamante and Branch 1996). 
Crabs are considered one of the most successful marine 
invasive taxa (Grosholz and Ruiz 2003; Brousseau and 
McSweeney 2016), with predatory crabs comprising the 
majority of these invaders (Brockerhoff and McLay 2011). 
This group consequently poses a significant invasion risk 
along the South African coastline. Preventing the invasion 



























































Figure 2: (a) Possible pathways for transport of 28 potentially 
invasive crab species to South African shorelines; (b) numbers of 
these species utilising single or multiple pathways 

















































































































Figure 3: Mean minimum (horizontal dotted lines) and mean maximum sea surface temperatures (dashed lines) ±95% CI (horizontal green 
bars) for each of the four South African ecoregions, for both the present (lower lines) and predicted temperatures (top lines). The mean 
minimum (±95% CI) and mean maximum (±95% CI) temperatures for the realised thermal range of each of the 28 crab species are also shown. 
Appendix 2 provides the full species names. Coloured vertical bars indicate the degree of congruency between each crab species’ thermal 
range and that of the ecoregion; colours correspond to those in Table 1 (denoting too cold to too warm). A single coloured bar represents 
congruency under both the present and future temperature conditions. When a bar is split, the left side is indicative of temperature-matching 
with the present conditions, while the right side represents the future conditions
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this context, the present study identified 28 alien crabs 
that could invade this coast. Temperature-matching 
revealed that incompatible temperature ranges are likely to 
exclude only 2 species from each of the four South African 
ecoregions, under both present-day and future conditions. 
The approach to horizon scanning developed in this study 
offers a useful tool that could equally be applied to freshwater 
and terrestrial systems. It offers a transparent and evidence-
based approach to identifying species that might reach the 
region of interest, and ultimately provides a list of species 









SH, YF         Major
Hemigrapsus takanoi SH         Moderate
Eriocheir sinensis SH         Moderate
Eriocheir hepuensis SH         DD
Eriocheir japonica SH         DD
Brachynotus 
sexdentatus 
SH, AP         DD
Portunidae –
Callinectes bocourti SH         DD
Callinectes danae SH         DD
Callinectes exasperatus SH         DD
Callinectes sapidus SH, AT         DD
Carcinus aestuarii SH         DD
Charybdis japonica SH         DD
Charybdis lucifera SH         DD
Liocarcinus navigator SH         DD
Cancridae –
Cancer irroratus SH         DD
Metacarcinus magister SH    ×   × × DD
Metacarcinus 
novaezelandiae 
AP         DD
Romaleon gibbosulum SH         DD
Glebocarcinus 
amphioetus




SH × ×   ×    DD
Percnon gibbesi SH, YF, AT         DD
Pachygrapsus 
marmoratus
SH         DD
Hymenosomatidae –
Halicarcinus quoyi AP   × ×   × × DD




SH         DD
Pilumnus spinifer SH         DD
Carpiliidae –
Dyspanopeus sayi SH, AP         DD
Panopeidae –
Panopeus lacustris SH         DD
Table 2: Watch list depicting the alien crab species that can potentially survive in each South African ecoregion under present and 
predicted temperature conditions, including their potential pathways (AP = aquaculture products; AT = aquarium trade; SH = shipping; 
YF = yacht-fouling) and their Environmental Impact Classification of Alien Taxa (EICAT) rating (DD = Data Deficient). Colours correspond 
to the code given in Table 1 which denotes the degree of congruency between each species’ thermal range and that of the ecoregion 
(from too cold to too warm). The symbol (×) indicates that the species is expected to be excluded from an ecoregion
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of relevance to managing authorities. Nonetheless, as with 
all methodologies there are caveats to be acknowledged. 
First, this method relies on a global review of the taxa under 
consideration. While invasions of large, conspicuous taxa 
such as crabs are likely to be well-documented (Swart et al. 
2018), the literature on more-poorly studied or cryptic groups 
is likely to be limited, ultimately restricting the utility of this 
approach. Second, the value of applying the EICAT scheme 
to order species on the watch list needs to be considered on 
a taxon-by-taxon basis. This is because the scheme is reliant 
on ecological impacts having been quantified for the group 
in question. Whereas this scheme has been successfully 
applied to birds (Evans et al. 2016) and amphibians (Measey 
et al. 2016), it has been argued that its application in a 
marine context is limited because the impacts of marine 
alien species have seldom been assessed (Ojaveer et al. 
2015). Indeed, even for crabs, the impacts of only three of 
the species on the watch list (11%) could be assessed (see 
Table S1) because of data deficiencies. Nonetheless, in 
cases where impacts have been poorly documented, watch 
lists incorporating climate-matching still have value, even 
if not ordered by impact. This is because they still provide 
a list of species to (i) guide those tasked with assessing 
import permit applications and (ii) support monitoring and 
early-detection efforts. It should be noted, however, that such 
lists are not exhaustive and the potential for the introduction 
of additional species without an invasion history always 
exists. It is important to note that taxa-specific management 
tools like watch lists are most valuable when used alongside 
tools that target management of pathways of introduction, 
especially in the marine environment where the knowledge 
needed to manage invasions at the taxon level is often not 
available (Ojaveer et al. 2015).
Identifying invasion pathways is an important step towards 
effect invasive-species management (Lodge et al. 2006; 
Hulme et al. 2008). Shipping, yachting, aquaculture imports 
and the aquarium trade were all identified as potential 
pathways of crab species to South Africa. In total, 28 crab 
species have been introduced through pathways that exist 
in the South African context and thus have the potential 
to reach these shores. The fact that multiple potential 
pathways exist highlights the risk of invasions by crabs. The 
importance of shipping as a pathway was not unexpected, as 
it is the globally dominant pathway for marine introductions 
(Seebens et al. 2013). Owing to the increasing complexity 
and densification of the shipping network (Kaluza et al. 
2010, Seebens et al. 2016), the emergence of new regional 
ports, and growing trade volumes to southern African 
countries from Europe, America, Asia and Australia (Fraser 
et al. 2016), the introduction of crab species via this pathway 
should be anticipated. The identification of aquaculture 
as the second-most-important potential pathway can be 
attributed to a recent increase in its importance around 
the globe (Grosholz et al. 2015). This pathway has been 
the second-most important for introducing marine species 
to South Africa (Mead et al. 2011). Notably, aquaculture 
is an important avenue for supporting socio-economic 
development in South Africa, and the expansion of the 
industry is being targeted by government programmes, such 
as Operation Phakisa (www.operationphakisa.gov.za). As 
such, it is expected that this pathway will grow in the future, 
as will the associated risk of species invasions. Yacht fouling 
is becoming an increasingly well-recognised vector for marine 
species (Peters et al. 2017). Due to the long distances 
travelled by international yachts visiting South Africa and 
their slow travelling speeds, it is unlikely that this vector 
will introduce crabs from distant localities. However, this 
mechanism could operate between neighbouring countries, 
especially on the east coast where yachts travelling between 
Mozambique and South Africa are common (TBR pers. obs). 
Additionally, yachts could be responsible for intra-regional 
transfer along the South African coast (Peters et al. 2017). 
At least two crabs have been introduced elsewhere via the 
aquarium trade, namely Percnon gibbesi (Katsanevakis 
2011) and Callinectes sapidus (Weis 2012), and this has 
been recognised as a potential pathway for crabs to reach 
South Africa. Although it remains unquantified in the South 
African context, it is recognised internationally as a growing 
industry and an emerging pathway for marine alien species 
(Katsanevakis et al. 2013; Papavlasopoulou et al. 2014). 
Given that temperature has an important influence on the 
distribution of marine species (Tittensor et al. 2010), the 
invasion potential of a species is expected to be greatest in 
areas thermally similar to that of its current range (Peterson 
2003). Temperature-matching is thus vital for predicting the 
invasion potential and distribution of novel biota (Matthews 
et al. 2017). In this study, temperature-matching revealed 
that most crab species with an invasion history are likely 
to be able to survive along the South African coast, with all 
28 species having the potential to survive in at least two 
ecoregions. Only three species (M. oceanicus, M. magister 
and H. innominatus) are expected to be excluded in specific 
ecoregions due to incompatible temperatures. 
With changes in global climate, alterations in sea 
temperatures could influence native community 
compositions (Lord 2017) and facilitate the establishment 
of invasive species (Sorte et al. 2010). With South Africa 
already experiencing changes in sea surface temperatures 
(Rouault et al. 2010), it is likely that alien species currently 
in the region will change their distributions in the future, 
while new incursions are expected to be supported under 
new conditions. Nonetheless, temperature-matching of 
potential alien crabs to future climatic conditions in the 
medium-term yielded similar results to those obtained when 
considering present-day temperatures. The only changes 
expected to be induced by future warmer conditions are 
the increased suitability of the Agulhas Ecoregion for 
M. oceanicus, and the exclusion of M. magister from the 
Natal Ecoregion. The fact that the South African coast was 
found to be suitable for most of the crab species is largely 
reflective of the broad range of climates represented (i.e. 
from the cool temperate west coast to the warm tropical 
east coast) and the fact that this coastline experiences 
relatively stable water temperatures that never approach 
freezing and rarely rise above 30 °C. 
Some species included in this study are known for their 
catadromous lifestyle. These include Eriocheir sinensis 
(Anger 1991), Japanese mitten crab E. japonica (Veilleux 
and de Lafontaine 2007), E. hepuensis (Naser et al. 2012) 
and Bocourt swimming crab Callinectes bocourti (Perry et al. 
1992). Numerous harbours along the South African coastline 
are connected to rivers, including Richards Bay Harbour on 
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the Mhlathuze River, Durban Harbour on the Umbilo River, 
East London on the Buffalo River, and Coega Harbour (Port 
of Ngqura) on the Coega River. Despite these not being as 
big as many Northern Hemisphere rivers, they could still 
provide suitable habitat for catadromous crabs. 
The watch list developed in this study revealed that 
the families Portunidae (swimming and shore crabs) and 
Varunidae (mitten crabs) pose the greatest threat to South 
African shores. This is not unique to South Africa but rather 
reflects the high number of invaders known from these families 
(Swart et al. 2018). Their success has been attributed to their 
dispersal abilities and their ability to inhabit a variety of habitats 
(Herborg et al. 2005; Dittel and Epifanio 2009; Brousseau 
and McSweeney 2016). It is notable that although 28 crab 
species have the potential to arrive and survive along the 
South African coast, the paucity of studies quantifying their 
impact has resulted in only three of these having received an 
EICAT rating. Based on those ratings, H. sanguineus topped 
the watch list due to its major negative ecological impact on 
native communities (Kraemer et al. 2007); H. takanoi and 
E. sinensis followed next, with both species considered to 
pose a moderate threat to recipient regions through declines 
in native populations (Dauvin et al. 2009; Rosewarne et al. 
2016). While these species are certainly worrisome, the threat 
posed by others on the watch list should not be overlooked 
simply because their impacts have not yet been quantified. 
Through their predatory nature, crabs can cause trophic 
cascades, altering food webs (Grosholz et al. 2000; Kimbro 
et al. 2009), community and habitat structure (Rudnick et 
al. 2005; Brousseau et al. 2014; Garbary et al. 2014), biotic 
interactions (Forsström et al. 2015) and ecosystem functioning 
(Grosholz and Ruiz 1995). Additionally, predatory species 
introduced to areas depauperate of native comparators can 
cause significant ecological impacts (Forsström et al. 2015) as 
the native prey species may lack the appropriate anti-predator 
responses (Sih et al. 2010). As such, we suggest that 
management programmes consider all the species placed on 
the watch list, rather than focusing on just the top three. To 
maximise the benefits of this watch list, it should be imbedded 
within a strong management framework that includes 
monitoring, early detection and rapid responses to incursions.
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Ecoregions
Present-day Predicted
Ῡ min. (CI) Ῡ max. (CI) Ῡ min. (CI) Ῡ max. (CI)
Benguela 12.93 (12.20–13.65) 17.02 (15.71–18.33) 14.33 (13.60–15.05) 18.42 (17.11–19.73)
Agulhas 15.27 (14.08–16.47) 23.42 (22.47–24.38) 16.67 (15.48–17.87) 24.82 (23.87–25.78)
Natal 22.28 (21.25–23.32) 26.57 (24.25–28.88) 23.68 (22.65–24.72) 27.97 (25.65–30.28)
Delagoa 24.15 (22.76–25.54) 25.91 (24.08–27.73) 25.55 (24.16–26.94) 27.31 (25.48–29.13)
Appendix 1: Mean (Ῡ) (95% CI) minimum and maximum sea surface temperatures (ºC) for present-day and predicted climates for each 
South African ecoregion
Appendices
Species Abbreviation Ῡ min. (CI) Ῡ max. (CI)
Metopograpsus oceanicus MetO 24.83 (24.44–25.23) 32.05 (31.66–32.43)
Eurycarcinus integrifrons EurI 18.83 (17.73–19.93) 33.02 (32.26–33.79)
Eriocheir hepuensis EriH 20.57 (17.47–23.67) 27.41 (23.53–31.29)
Charybdis lucifera ChaL 15.45 (11.08–19.82) 32.87 (32.37–33.36)
Panopeus lacustris PanL 10.09 (9.64–10.54) 30.84 (30.11–31.56)
Percnon gibbesi PerG 8.77 (7.30–10.23) 30.95 (30.36–31.53)
Cancer irroratus CanI 2.48 (1.23–3.73) 30.97 (28.77–33.10)
Callinectes bocourti CalB 9.13 (7.63–10.62) 31.41 (31.19–31.63)
Callinectes danae CalD 6.63 (6.04–7.21) 31.53 (30.57–32.50)
Callinectes exasperatus CalE 9.92 (6.47–13.37) 31.53 (30.57–32.50)
Callinectes sapidus CalS 2.03 (1.51–2.55) 31.53 (30.57–32.50)
Charybdis japonica ChaJ 5.82 (4.57–7.06) 30.82 (30.06–31.58)
Liocarcinus navigator LioN 5.61 (3.15–8.06) 30.41 (28.60–32.21)
Eriocheir japonica EriJ 9.34 (8.18–10.50) 29.53 (26.94–32.11)
Eriocheir sinensis EriS 5.3 (2.54–8.05) 26.65 (23.19–30.10)
Hemigrapsus sanguineus HemS 3.84 (1.70–5.97) 27.06 (23.17–30.94)
Hemigrapsus takanoi HemT 3.84 (1.70–5.97) 29.53 (26.96–32.09)
Dyspanopeus sayi DysS 7.04 (4.30–9.77) 31.01 (28.58–33.45)
Glebocarcinus amphioetus GleA 6.67 (4.26–9.07) 27.01 (24.64–29.38)
Carcinus aestuarii CarA 7.07 (3.36–10.78) 24.82 (21.99–27.65)
Romaleon gibbosulum RomG 5.70 (4.15–7.26) 24.78 (21.85–27.71)
Brachynotus sexdentatus BraS 6.44 (3.08–9.80) 24.55 (21.88–27.23)
Pachygrapsus marmoratus PacM 8.55 (5.69–11.41) 25.58 (22.49–28.66)
Pilumnus spinifer PilS 8.73 (5.29–12.10) 27.49 (25.02–29.97)
Metacarcinus novaezelandiae MetN 10.64 (9.40–11.88) 25.25 (23.36–27.13)
Halicarcinus planatus HalP 1.66 (1.08–2.23) 23.24 (22.00–24.48)
Metacarcinus magister MetM 4.13 (2.69–5.58) 20.24 (18.30–22.17)
Halicarcinus quoyi HalQ 10.45 (9.24–11.67) 16.53 (15.28–17.77)
Appendix 2: Mean (Ῡ) (95% CI) minimum and maximum sea surface temperatures for each alien crab species across its 
realised range. Species abbreviations apply to Figure 3
